Values of excess properties in 1,2-dimethoxyethane + propylene carbonate binary liquid mixtures at different temperatures from experimental density and viscosity values presented in earlier work, were used to test the applicability of the correlative reduced Redlich-Kister functions and the Belda equation, and to reveal eventual specific interaction hidden by the classical treatment of direct excess Redlich-Kister functions. Their correlation ability at different temperatures, and the use of different numbers of parameters, is discussed for the case of limited experimental data. The relative Redlich-Kister functions are important to reduce the effect of temperature and, consequently, to reveal the effects of different types of interactions. Values of limiting excess partial molar volume at infinite dilution deduced from different methods were discussed. Also, the activation parameters and partial molar Gibbs free energy of activation of viscous flow against compositions were investigated. Correlation between the two Arrhenius parameters of viscosity shows the existence of main different behaviors separated by a stabilized structure in a short range of mole fraction in 1,2-dimethoxyethane (0.45 to 0.83). In this context, the correlation Belda equation has also been applied to the present system for thermodynamic properties in order to reveal eventual solute-solvent interaction at high dilution.
Introduction
Study of transport and thermodynamic properties of binary mixtures versus temperature or pressure have attracted much attention from several years, most such studies have concerned mixtures containing small molecules.
Generally, examination of the trends of the dependence of excess properties on molar composition in binary mixtures (curves with extrema around the middle of composition range) [1] [2] [3] [4] [5] [6] [7] [8] , suggested that many of these systems are similar. So, the excess quantity gives an overall view of the origin of the non-ideality in the mixtures but still can be quite misleading. Then, elimination of the factor (molar fraction product x 1 .x 2 ) preceding the RedlichKister power series removes this similarity effect and gives a specific reduced function [9] [10] [11] [12] [13] [14] [15] [16] characterizing the studied physicochemical property and also gives evidence to the existence of important interactions hidden in the precedent classical investigations.
In the present study the excess molar properties and viscosity deviations [1] [2] [3] [4] [5] [6] [7] [8] are fitted to the reduced Redlich-Kister (R-K) equation along with its corresponding relative properties and the Herráez 17, 18 and Belda correlative equations [19] [20] [21] . In addition, the reduced R-K function relative to the viscosity Arrhenius activation energy which is equivalent to the apparent molar property gives more information because it is more sensitive than the excess property to interaction 22, 23 .
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For 1,2-dimethoxyethane (DME) and propylene carbonate (PPC) molecules, the interpretations in our present study are based on the predominance of hydrogen bonding over dissociation effects present in the components 24 . A thorough survey of literature shows that PPC behaves as a polar liquid with strong dipole-dipole interactions with little or no specific association present in it 24 .
Redlich-Kister equations

Excess properties results
The measured values of density and viscosity in binary mixtures of DME and PPC were taken from literature [24] and used in the present work to calculate the excess molar volumes (V E ) and Gibbs free energy of activation of viscous flow (G* E ), and viscosity deviations () ( Table 1 where Y E denotes V E ,  and G* E , and n is the optimal number of parameters (n = 3 or 4). The coefficients A n,p,T in Eq. 1 and Table 2 are regressed by applying the least-square fit method. The corresponding standard deviation (Y) was calculated by Eq. 2:
where N and m are the numbers of data points and of adjustable parameters, respectively.
In the Fig. 1 we plotted the variation of excess properties (Y E ), deviations in the viscosity  with the mole fraction of DME (x 1 ). We note that all these functions (V E ,  and G* E ), exhibit negative deviations. Let The factors that are mainly responsible for the contraction of volume causing the V E values to be negative are due to strong specific interactions like the association of component molecules through hydrogen bonds, due to dipole-dipole interactions or it may be due to the induced dipole-dipole interactions. Due to the effect of thermal agitation, in general the increase in temperature attenuates the volume contraction. So, in the present study as the temperature is increasing the V E values are becoming more negative, indicating that the interactions are becoming stronger. This can be interpreted by the fact that the intermolecular interactions between unlike molecules are predominate over the intermolecular interactions between like molecules.
These negative values (Table 1) of G* E indicate the existence of weak interaction between the component molecules of the liquid mixtures under study. As the temperature is increasing the G* E values are becoming less negative indicating the predominance of structural effect over the interactional effect upon mixing.
Deviations in viscosity are negative which may be due to mutual loss of dipolar association and the difference in size and shape of unlike molecules. We can say that it's a generalized statement because much clarity will come with excess values only as the unlike sizes may cause fitting of one component molecules in the gaps of the other molecules. So, negative values of  over whole composition range suggest that, viscosities of bonded associates formed between unlike molecules are relatively less than those of pure components, which is exhibited by decreased values of viscosity with mole fraction. This decrease in viscosity attributed to breaking of bonds. Weak types of dipole-induced dipole type of interactions are not sufficient to produce bulky or less mobile entities in system and hence decreased trend of viscosity is observed in the present binary liquid mixtures. 
The reduced Redlich-Kister equations
We note that the extrema observed in all curves of Fig .1 around 0.50 mole fraction, are due principally to the effect of the molar fraction product expressed by the Eq. 1 (x 1 (1-x 1 )) while the phenomenal effects are weak.
In the same context, Desnoyers et al. 9 showed that an examination of the trends of the dependence of V E ,  and G* E on x 1 suggested that many of these systems are similar, and the differences in interactions are mostly significant in solutions very rich in component 2. From the treatment of excess thermodynamic quantities for liquid mixtures proposed by Desnoyers et al. 9 , we can conclude that the excess quantity (V E ,  and G* E ) gives an overall view of the origin of the non-ideality in the mixtures but still can be quite misleading, especially for systems that show strong interactions at high dilution. Desnoyers et al. 9 suggested that, in agreement with the original statements of Redlich and Kister 1 , it is better to use the ratio
So, this ratio is so called the experimental reduced R-K excess properties Q Y,exp,T (x 1 ) which is expressed by Eq. 3,
where Y E denotes V E ,  and G* E .
Also, the excess thermodynamic quantities have the advantage of illustrating the sign and magnitude of their non-ideality, but the reduced Redlich and Kister function Y E / x 1 (1 -x 1 ) gives a much better handle on the origin of the non-ideality. The experimental reduced R-K excess values (Eq. 3) relative to the molar volume Q V,T (x 1 ) , the viscosity Q ,T (x 1 ) and the Gibbs free energy of activation of viscous flow Q G*,T (x 1 ) for DME (1) + PPC (2) mixtures against the mole fraction x 1 in DME at temperatures 298.15, 308.15 and 318.15 K are presented in Table 3 and plotted in Fig. 2 .
We note that the reduced R-K excess property is more sensitive than the direct excess property V E ,  or G* E to interactions that occurs at low concentrations [9] [10] [11] [12] [13] [14] [15] [16] . So, we observe that the shape of curves is totally different of those in Fig. 1 because Redlich and Kister treated the data with a power series, putting all the weight on data near 0.5 mole fraction [9] [10] [11] [12] [13] [14] [15] [16] . As Desnoyers et al. have shown 9 , this is not always the best approach for mixtures having specific interactions such as association at low concentration. Therefore, elimination of the factor [x 1 (1 -x 1 )] in the reduced R-K excess function Q Y,exp,T (x 1 ) (Eq. 3) removes this effect and gives a specific reduced function Q Y,exp,T (x 1 ) characterizing the studied physicochemical property and also gives evidence to the existence of important interactions. In fact, taking into account the absolute values of the reduced R-K excess function Q Y,exp,T (x 1 ) ( Table 3 , Fig. 2) , we see that the viscosity effect is due principally to pure PPC while the volume effect is due principally to the pure DME. In the case of the Gibbs free energy of activation of viscous flow and due to the strictly monotonous character of logarithm expressing this property (Eq. 4), we can conclude that the viscosity effect globally dominates on the volume one in all the range of the DME (1) + PPC (2) mixtures.
where , h, R, N A and V are the shear viscosity of binary liquid mixture, the Plank's constant, the perfect gas constant, the Avogadro's number and the molar volume of mixture, respectively 26,27 ,
In addition, monotonous variation the reduced R-K viscosity Q ,exp,T (x 1 ) in curve (a) of Fig. 2 , suggests that there is a progressively change of solvent's structure when we introduce one component into other in the mixture, while the existence of extremum in curves (b) and (c) show the eventual existence of preferential clustering at fixed molar composition. In addition, values of reduced Redlich-Kister functions Q Y,T (x i ) (Eqs. 1 and 3) at infinite dilution represent values of the equivalent of the partial excess physical magnitudes at infinite dilution (x 1 → 0 + ), which can be also calculated from the adjustable parameters using Eqs. 5 and 6:
and
where is the molar volume of pure component 'i', (V) the molar volume of the mixture and, ( ̅ 1 ) and ( ̅ 2 ) partial molar volumes of DMA and EOE in DME (1) + PPC (2) mixtures for each mole fraction x 1 in DME at the temperatures 298.15, 308.15 and 318.15 K. The limiting values of ̅ E,∞ calculated by using Eqs. 5 and 6 are listed in Table 4 .
As discussed in literature [9] [10] [11] [12] [13] [14] [15] [16] , it can also readily be shown that, for many thermodynamic properties, such as enthalpies, heat capacities, volumes, compressibilities and expansibilities, this quantity (Q Y,T (x 1 )) is directly related to the apparent molar quantities of both components:
This function is therefore equivalent to an apparent molar quantity over whole mole fraction range, and its extrapolation to x 1 = 0 and x 1 = 1 (parameters sum Q Y,T (x 1 =0) and Q Y,T (x 1 =1) of Eqs. 5 and 6) will give the two excess partial molar quantities ̅ E,∞ (where i = 1 or 2). These two limiting parameters are of fundamental importance since they are by definition measures of the solutesolvent interactions of both components.
It is therefore important to determine precisely the R-K interaction parameters, and especially those corresponding to x 1 = 0 and x 1 = 1. Desnoyers et al. [9] suggested that one of the simplest ways of determining these parameters was from a plot of Y E /x 1 (1 -x 1 ) (or dY E /dx 1 for free energies). Note that the Redlich Kister excess quantity (Eq. 1) cannot appropriately represent the composition dependence of viscosity.
We can add that these parameters can be obtained from three other manners: A local extrapolation by fitting partially the curves Q V,T (x 1 ) separately in each rich-region of one component (1) or (2) . The obtained values are truer than those given from Eqs. 5 and 6. The fit of the molar volume V(x 1 ) against the molar fraction (x 1 ) gives directly the partial molar volume V of the component 'i' by the following equation:
when we proceed to operations of limits of Eq. 8 at infinite dilution (x 1 → 0 + or x 1 → 1 -), we can easily obtain the values of the excess partial molar volume at infinite dilution of the component 'i' in the other one ( ̅ E,∞ ) : (9) and,
We note that in recent work, Belda 19 propose a new empirical correlation equation for four properties (density, viscosity, surface tension, and refractive index) (Eq. 11) which introduces a correcting Factor to linearity as an homographic function acting upon the molar fraction of one component of the binary mixture (x 1 ).
where Y B (x 1 ) is the mixture property, m 1 and m 2 are the two introduced empirical adjustable parameters. Belda coefficients m i for (Eq. 11) and corresponding errors of molar volume (V) for DME (1) + PPC (2) mixtures at the temperatures 298.15, 308.15 and 318.15 K are given in Table  5 . In previous papers 20, 21 , we have discussed the validity of this equation for some physicochemical properties in the 1,4-dioxane-water and isobutyric acid-water mixtures and we conclude that this equation can give better results than the R-K one with the same number of free parameters. We have also, given physical significance 11 for their corresponding parameters (m 1 and m 2 ). In fact, when we proceed to some mathematical operations of limits and derivations on the Belda equation by injecting Eq. 11 in Eqs. 9 and 10, we can easily obtain the values of partial excess property at infinite dilution of the component "i" in the other one ( ̅ E,∞ ) through the following equations:
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Comparison of calculated values-with three methods-of the limiting excess partial molar volume (10 -6 m 3 ·mol -1 ) at infinite dilution relative to DME (1) and of PPC (2) in their binary mixture at the temperatures 298.15, 308.15 and 318.15 K are given in Table 4 .
The Relative Reduced Redlich-Kister Equation
Nevertheless, like the relative deviation, we can consider the relative reduced R-K function as following,
The plot of Q Y,rel,T (x 1 ) versus mole fraction x 1 (Fig. 3) shows that the curves reproach each other and temperature has a small marked effect on Q rel,V,T (x 1 ) and Q rel,η,T (x 1 ) while in the curve (c) we observe the inverse case. We can conclude that the temperature effect in molar Gibbs free energy dominate the activation of viscous flow effect. We note that, at higher temperature, there will be a competition between molecular interactions and thermal agitation. At higher temperature the increase in viscosity in the entire composition range is due to the breaking up of the hydrogen bonds between the unlike molecules. Inspecting the effect of temperature in Fig. 3 we conclude that the nearness and then the larger separation of curves at the two limits of infinite dilution do not depend only on the value of the solute-solvent parameters but are also affected by temperature shown in Fig. 3 . We remark that the differences between their Arrhenius activation energy of viscosity Ea can play an important role in this effect 25 . Note that the relative reduced R-K function Q Y,rel,T (x 1 ) is also a good tool, like the reduced R-K function Q Y,T (x 1 ), for interpreting different types of interactions. 
We can add that the reduced RK excess function Q Y,T (x 1 ) can be also an excellent indicator, within the mixture, of cluster formation, structure change, etc, and can provide the corresponding particular molar compositions (Figs. 4 and 5 ) in which occurs the phenomenon. More the average slope of a linear regression, can give an equivalent of temperature which it's in close correlation with the boiling temperatures of the two pure components or the temperature of phase transition in the isobaric vapor liquid diagram of the studied DME-PPC system at atmospheric pressure 25 . We found 342.2 K in Fig. 4 
Conclusion
Reduced R-K excess functions have been calculated for DME + PPC binary mixture at three different temperatures (298.15, 308.15 and 318.15) K from their experimental densities and viscosities values reported earlier. In fact, the reduced RedlichKister function is a real thermodynamic quantity equivalent to an apparent molar quantity over the whole mole fraction range. Also, at the two limits of infinite dilution, this function gives the two excess standard thermodynamic quantities of the corresponding pure components, which depend only on solute-solvent interactions. In addition, the introduced relative reduced Redlich-Kister equation reduce the temperature effect for revealing the other effects, and can also be good tools, like the reduced Redlich-Kister function, for interpreting different types of interactions. Correlation between the reduced RK excess functions related to the two parameters of activation of viscous flow (H*) and entropic factor (S*) for DME+PPC mixtures can give an approximately linear behavior i.e., no observable clear change in curvature. This quasistraight line behavior suggests us to make an empirical linear equation by introducing a new parameter T A denoted as viscosity Arrhenius temperature that characterizes each binary system and it's closely correlated to the transition temperature of its isobaric diagram. The results show that there will be a significant degree of H-bonding between unlike molecules leading to progressively change of solvent's structure when we introduce one component into other in the mixture. The negative excess values in our present study indicate the existence of weak interaction between the component molecules of the liquid mixtures. Limiting excess partial molar volume at infinite dilution relative to DME and of PPC in their binary mixture at the temperatures: (298.15, 308.15 and 318.15) K were deduced through different techniques.
It is also observed that at all temperatures the interaction term of PPC-PPC-DME dominates the interaction term of DME-DME-PPC . The disruption of the intermolecular dipolar forces in PPC is the reason for the negative values of V E .
In next works, these revealed specific interactions in the present binary mixture will be studied and confirmed by spectroscopic techniques.
In addition, among these techniques, the use of Belda parameters is introduced here and will allow us to give physical significance of the recent proposed empirical Belda equation in the present system.
